• Particle number concentration (PNC) and transition metals in particulate matter have been associated with health outcomes.
Introduction
Epidemiological studies have shown consistent associations between health outcomes and exposure to airborne particulate mater (PM) (Hoek et al., 2002; Pope et al., 2004) .
Toxicological studies suggest that specific components within particles and the number of particles, more than particle mass alone, are responsible for these health effects. Particlebound transition metals (especially Fe, Cu, Ni, V, and Zn) and ultrafine particles have been associated with inflammatory responses in human cells (Jiménez et al., 2000; Wilson et al., 2002 , Donaldson et al., 2005 and Monteiller et al., 2007) . Ultrafine particles are better characterized by the particle number concentration (PNC) rather than by particle mass concentration, as they dominate the former but contribute negligibly to the latter.
PNC and particle-bound metals are expensive and time-consuming to measure and, except for a few specific metals, their ambient levels are not currently subject to regulation. They are therefore not routinely monitored in air quality networks. Consequently there is limited epidemiology on their health effects. Sulphates of Fe, Ni and Zn in PM 2.5 were associated with mortality in a time-series study of 8 cities in Canada from 1986 to 1996 (Burnett et al., 2000) . The effect of the metals was greater than for the mass alone. In contrast, a study in Edinburgh (UK) did not show stronger associations between metals and adverse acute cardiopulmonary health outcomes after adjustment for PM 10 mass (Heal et al., 2009) . A growing number of studies have reported associations between ultrafine particles and cardiovascular disease (von Klot et al., 2005 , Lanki et al. 2006 , Nicklas et al. 2009 , Hoek et al., 2010 and mortality (Hoek et al., 2010) .
It would be useful, for epidemiological studies in particular, if other easier and less expensive to measure pollutant metrics (e.g. NO, NO 2 or PM optical absorption) could be used as quantitative relative measures of the concentrations of transition metals and PNC. Total metal content in PM 10 has been found to correlate with NO x , PNC and PM light absorption Götschi et al., 2005) . Less attention has been paid to the waterextractable fraction, despite its likely greater bioavailablity in the human respiratory system (Costa et al., 1997; Adamson et al., 2000) . Heal et al. (2005) reported significant correlations between the water-extractable fraction of metals in PM 10 and PM 2.5 and black smoke (equivalent to filter darkness) at an urban background site in Edinburgh.
The aim of this study was to examine the spatio-temporal associations of transition metals and PNC with traffic-related air pollutants at paired kerbside and urban background sites in two cities with a view (1) to investigate a 'simple tracer' for transition metals and PNC, (2) to determine the extent of between and within site inter-pollutant correlations to facilitate better interpretation of epidemiological studies of the health effects of traffic-related air pollution.
Experimental methods

Sampling sites
Associations between traffic-related air pollutants were evaluated for central Glasgow and The carriageway adjacent to the monitoring station is bus and taxi only. The surrounding area forms an asymmetrical street canyon orientated in a NE-SW direction with the monitoring station on the E side of the street. The canyon width is ~40 m and the average building height is ~25 m, comprising educational and commercial buildings plus housing. The monitor inlets are ~1 m from the kerb and ~3 m above the ground and located on the upwind side of the street.
-North Kensington (urban background, 51º 31′ 15″ N, 0º 12′ 49″ W): this site is in a residential area in the grounds of a school, 4 km S of Marylebone Rd. The inlets are 3 m above the ground.
Further information on the monitoring sites can be found at http://uk-air.defra.gov.uk/.
Sampling instrumentation
Instrumentation and data sources at each site are summarised in Table 1 . Sampler operation and gravimetric determination of filter masses at the London sites was undertaken as part of the London Air Quality Network. Sampler operation in Glasgow was carried out as part of this project with the exception of the butanol-based condensation particle counter (CPC), which was operated by National Physical Laboratories as part of the UK network. Filters collected in London where shipped to Glasgow for the optical and chemical analyses.
Samples for metal analysis were collected using a Partisol 2025 (Rupprecht & Patashnick Co.
Inc.) with a PM 10 size-selective inlet at Glasgow (on to Zefluor PTFE membrane filters) and a PM 2.5 inlet at London (on to quartz filters). Filters were changed automatically at midnight and total daily volume of air sampled was 24 m 3 . In Glasgow, the Partisol sampler was operated in accordance with guidance specified by the USEPA (1998); pre-and post-exposed filters were conditioned for 24 h in a temperature and humidity controlled room before being weighed three times on an analytical balance of 1 µg precision (Sartorius MC5) equipped with anti-static ionising blower. A set of 6 blank filters were weighed together with the pre-and post-exposed filters and their mean mass change used to correct the mass change of the sample filters.
The optical absorbance of the sample filters (PM 10 and PM 2.5 ) was determined by measuring sample reflectance, R, with an EEL Model 43D reflectometer (Diffusion Systems Limited, London, U.K), and converting to an absorption coefficient, α (m -1 ), with the
, where R 0 is the reflectance of an unloaded filter (100%), A the exposed area of the filter (m 2 ) and V the volume of air sampled (m 3 ).
PNC at Hope St. and Montrose St. in Glasgow were measured using a water-based, CPC (TSI Model 3785, minimum detectable D 50 particle diameter: 5 nm) operated according to manufacturer instructions. A butanol-based CPC (TSI Model 3022A; minimum detectable D 50 particle diameter: 7 nm) was used at St. Enoch Sq. and at the London sites. PNC data were recorded at 1 min and 15 min resolution for the water-and butanol-CPCs, respectively, and averaged as required.
Hourly concentrations of nitrogen oxides (NO, NO 2 and NO x ), CO, PM 10 as measured by TEOM, 1,3-butadiene and benzene, and daily black smoke (BS), were obtained from the UK Air Quality Archive (http://uk-air.defra.gov.uk/). The gases 1,3-butadiene and benzene are not measured at St Enoch Sq. and North Kensington and BS is only measured at Marylebone Rd.
One-week averaged NO 2 was also measured at St. Enoch Sq. using Palmes-type diffusion tubes (PDTs). Tubes were prepared and analysed colorimetrically, as described by Heal et al. (1999) . Tubes were exposed in duplicate together with a field blank. 13, 15, 16 May; 23, 24, 25, 26 June; 24, 25, 26, 31 October; 3, 8, 11, 12, 13, 17, 23, 27 November; 4, 6, 8, 10, 12, 14, 15 December.
Chemical analysis
The Glasgow PM 10 filters were sequentially extracted for polycyclic aromatic hydrocarbons PlasmaQuad instrument) at the NERC facility at Kingston University. The PM 2.5 filters from the London sites were subject only to the extraction step for metal determination, but otherwise the procedure was as described above.
Quality Control
Limits of detection
The LOD for PM 10 was calculated as 3 times the mean standard deviation (SD) of day-to-day mass change of blank filters × n 1 + n , divided by the nominal sampling volume, as defined by Vaughan et al. (1989) , and was 0.1 µg m -3 .
The LODs for each metal were defined as three times the standard deviation of the concentrations in the field blanks ( Table 2 ). The median concentration of the field blanks was subtracted from the concentration measured in the exposed filters.
The LOD for NO 2 PDT measurement, defined as the mean of the field blank tubes plus three times the SD of the blanks, was calculated to be equivalent to 6.4 µg m -3 . NO 2 measurements were also field blank corrected with the corresponding blank for each week and site.
All PM 10 and NO 2 measurements were above their LODs. There were only three instances of metal concentration below its LOD, one each for Ni and Cd at Hope St. and one for Ni at St.
Enoch Sq., and these were retained in the dataset as recommended by Brown et al. (2008) .
Precision
The precision of the PDTs expressed as the coefficient of variation (CV) from duplicate measurements was 8.8%. The temporal correlations of the PDTs and the co-located chemiluminescence analyser was high, with R values of 0.79 (n=12).
An inter-comparison study at St. Enoch Sq. between the water-CPCs showed a CV of 7% and R = 0.98 (n = 624, 15-mins average). The comparison of the two water-CPC and butanolCPCs showed CVs of 25% and 28%. The water-CPC read lower than the butanol-CPC for PNC >30,000 particles cm -3 (as measured by the butanol-CPC), possibly because of reduced condensation efficiency in the particle growth tube in the water-CPC. Results from the intercomparison study are shown elsewhere (Sánchez Jiménez, 2010) .
Metal losses during PAH extraction
To examine potential losses of particle-bound metal during the PAH extraction step of the PM 10 filters, parallel determinations were undertaken on filters undergoing both extractions or the metal extraction step only. Six filters (F) were cut in half (h), (F 1 h 1 , F 1 h 2 , F 2 h 1 , F 2 h 2 …) and two halves of different filters underwent extraction together so that the metal concentration in F 1 h 1 &F 2 h 1 was the same as the metal concentration in F 1 h 2 &F 2 h 2 (assuming the metals were distributed homogeneously in the filters). Although loss of metal during the PAH extraction step could be substantial (5-60%), it was systematic as indicated by the large correlation (R = 0.97) between the metal concentration in the pairs of filters undergoing either one or two extraction steps. Therefore, although metal concentrations in the Glasgow data have been underestimated this does not affect the strength of the correlations in the relationships between metals and co-pollutants.
Statistical analysis
Pollutant measurements were averaged to produce 24 h concentrations, as this is the averaging period used in time-series epidemiology with these metrics. Daily and hourly data were not normally distributed so non-parametric Spearman correlation coefficients were used to describe the strength of the correlation. Hourly and daily correlations were examined to determine which averaging period predicted better the PNC. In addition, the inter-pollutant correlations between daily averages was examined to determine whether PNC and metals can act as confounders or collinear pollutants on the associations between health outcomes and nitrogen oxides and PM. Analyses were conducted using SPSS 16.0. Correlation coefficients between 0.50-0.69 were referred to as moderate, above 0.69 as high and below 0.50 as low.
The inter-pollutant relationships, including those between roadside increments, were examined using reduced major axes regression which allows for statistical uncertainty in both variables (Ayers, 2001) . Coefficients of determination (R 2 ) were used to describe the strength of the association.
Results
Pollutant concentrations
A summary of the pollutant concentrations at each location is given in Table 3 . Direct comparison between the pollutant concentrations at London and Glasgow is compromised because the sampling periods and sample sizes were different for both cities. The data from
London were selected to maximise the range of observed pollutant concentrations. The datasets were also of insufficient duration to represent intra-annual and inter-annual variations. Nevertheless, concentrations of PM and gaseous pollutants were much higher at the kerbside sites (Hope St. and Marylebone Rd.) than at the background sites (North Kensington, St. Enoch Sq. and Montrose St.) because of the major impact of nearby traffic at the former sites. The variability of pollutant concentrations, expressed as the inter quartile range (IQR), was higher at the London sites than in Glasgow, likely because the data for
London were from 26 days spread through winter and summer whereas in Glasgow the data were from a consecutive period in summer only.
Correlations of the same pollutant measured at different sites
Individual pollutants showed low to moderate correlations between kerbside and background sites in each city (Table 4) Table 4 ). On this day, PM 10 concentrations in North Kensington were also higher (scattered points in Table 4 ). This was probably the result of the bonfires that took place to celebrate Guy Fawkes' Night, which fell on the following Sunday (5 November). When data for this day were removed from the dataset, correlation coefficients did not change substantively. Sq. (Table 4 ) reduces the numerical 'discrimination' in statistical calculations.
The averaging period did not significantly influence the correlation coefficients between the Glasgow sites. However, for the London sites, hourly averaging yielded greater correlation coefficients than daily averaging, especially for NO x , NO 2 and NO.
For particle-bound metals, correlations between the kerbside and background sites in London were highly significant (P <0.01) for each metal measured (Table 5 ). In Glasgow, between kerbside and background site correlations were high for V and As (R > 0.7), moderate for Mn (R = 0.5) but low for the remaining metals quantified (Table 5 ). The lower between-site correlations between metals in Glasgow may be due to greater inaccuracies in the metal concentration because of losses during the sequential extraction.
Correlations of different pollutants measured at the same site
At all sites in this study, PNC and NO x were the pollutant pair with the greatest and most consistent inter-pollutant correlations (R = 0.60-0.90, Tables 6-8). Generally, there were no substantive differences between correlations derived from daily and hourly averaged data (hourly data not shown), with the exception of Hope St. At this site daily averaged data had
greater R values than their hourly counterparts, presumably due to the underestimation at high
PNCs by the water-CPC.
Correlations between PNC and PM 10 were high only at Hope St. (R = 0.74). At the other sites the correlation coefficients were <0.5.
In Glasgow, correlations between PNC and optical absorbance of PM 10 were low (R = 0.47 and 0.35 at St. Enoch Sq. and Hope St., respectively) ( Table 6 ). In contrast, in London, PNC was more strongly correlated with PM 2.5 optical absorbance at the more polluted site (Marylebone Rd., R = 0.87) than at the background site (North Kensington), R = 0.34 (Table   8 ).
Correlations between PNC and 1,3-butadiene or benzene were moderate to high (R = 0.71 and 0.55, respectively) at Hope St. (Table 6 ) and high (R = 0.81 and 0.78, respectively) at Marylebone Rd. (Table 8) .
Correlations between PNC and CO varied substantially across the sites (R = 0.27-0.70, Tables   6-8 ).
In Glasgow, the strength of the correlations of metals with PNC were generally greater than with PM 10 or with PM 10 optical absorbance. Correlations between metal concentrations and NO x or NO 2 were high at St. Enoch Sq. but not at Hope St. At St. Enoch Sq., Mn, Fe, Cu, As, Cd and Pb were significantly correlated with NO 2 and NO x (R = 0.6-0.7), PNC (R = 0.7-0.8),
PM 10 (R = 0.5-0.8) and PM 10 optical absorbance (R = 0.5-0.8) (Table 6 ). Cr was also significantly correlated with PNC and NO x and NO 2 (R ≈ 0.7) but not with PM 10 and PM 10 optical absorbance (R ≈ 0.4), and Ni showed moderate correlation with PNC and PM 10 (R ≈ 0.6) but not with nitrogen oxides and PM 10 optical absorbance (R = 0.3-0.4). CO did not show significant correlation with any of the metals.
A different pattern of inter-pollutant correlations was present at Hope St. For example, unlike at St. Enoch Sq., Fe, As, Cd, and Pb were not significantly correlated with PNC, NO x or NO 2 (Fe was significantly but negatively correlated with NO x and NO 2 ). However, V Cr, Mn, Ni and Cu were significantly correlated with PNC (R = 0.7-0.9), Ni and Cu were significantly correlated with PM 10 (R = 0.58 and 0.70, respectively) and Ni was also highly correlated with NO 2 (R = 0.75) ( Table 8) . None of the metals were correlated with PM 10 optical absorbance except Cd (R = 0.50). Concentrations of 1,3-butadiene and benzene (available only at Hope St.) were moderately correlated with Cu (R = 0.58 and 0.52, respectively), but not with the other metals (Table 8) .
At Marylebone Rd. (Table 8) there was no significant correlation between any of the particlebound metals and NO x , NO 2 , PNC and optical absorbance of PM 2.5 , except for V and Ni with PM 10 (R = 0.48 and 0.44, respectively) and for Mn and Fe with PM 2.5 (R = 0.54 and 0.48, respectively). Curiously, Cu concentrations were significantly negatively correlated with NO x , NO 2 , PNC, BS and optical absorbance of PM 2.5 .
At North Kensington (Table 8) , Fe, Cu, Zn, As, Cd and Pb were moderately to highly correlated with NO x and NO 2 (R ≈ 0.5-0-8). These metals (except for Cu) were also moderately to highly correlated with PM 2.5 (R ≈ 0.6-0.8) and moderately correlated with PM 10 (R ≈ 0.5). Metal concentrations did not correlate with PNC. A few metals, Cu, As, Cd and Pb, had low positive correlations with CO (R ≈ 0.5).
Effects of wind on pollutant correlations
In both cities the prevailing wind direction was W-SW as is usual in the UK. At Marylebone Rd. the monitoring station was located at the upwind side of the street so southerly winds (perpendicular to the street) may induce a recirculation vortex blowing pollutants against the station. This might explain the observed increase in the increments in pollutant concentrations (R = −0.47 and −0.51, respectively). The increments in PM 10 explained 70% of the variance in the increments in PNC in Glasgow and 55% in London (p <0.05 in Glasgow and p <0.001 in London). The increments in CO explained less than 50% of the variance in both cities indicating CO cannot be used as a surrogate for PNC.
Regressions of roadside increments of pollutants
The increments in NO x and NO 2 were in general not strongly associated with the increments in metal concentrations (Table 10) . Only in Glasgow the increments in NO 2 explained 47% of the variance in Ni and 67% of the variance in Cu. The increments in NO x explained 65% of the variance in Cu. The increments in PNC showed a strong correlation with the increments in Cu and Ni in Glasgow, explaining 66% and 76% of the variance, respectively. In London explanatory power between the remaining metals and co-pollutants was below 40% and are not shown.
Discussion
Spatial variability of air pollutants
Direct comparisons between the concentrations at London and Glasgow have to be made with caution because sampling periods and sample sizes were different in the two cities.
A metal enrichment at the kerbside compared to background site St. Enoch Sq. was observed in Glasgow, reflecting the contribution of traffic to metal concentrations. That this trend was not observed at the London sites, where concentrations of V, Pb, As and Ni at North
Kensington were higher than at Marylebone Rd. could be the result of a local contribution of metals in water-soluble form at North Kensington. These emissions could originate from a Ni refinery located 3.2 km NW from North Kensington (data retrieved from the UK Environment Agency). It could be that on the timescale in which the air reaches Marylebone Rd. these metals are oxidised and therefore insoluble in water.
Correlations between air pollutants
Nitrogen oxides showed the most consistent associations with PNC across all the studied sites in Glasgow (R = 0.7-0.8) and London (R = 0.6-0.9) for hourly and daily averaging periods and therefore would be the best surrogate for PNC. The averaging period, hourly and daily did not significantly influence the strength of the correlation coefficients, suggesting that correlations are mostly driven by the diurnal pattern of traffic flows. If the correlations between pollutants were mainly driven by meteorology and long-transport, then correlations between daily averages would be higher than their hourly counterparts, since the homogenising effects of meteorology and long-transport are more noticeable over an entire day rather than on an hourly basis. The slightly higher correlation coefficients at the London sites for hourly data is attributed to the larger contrast in the pollutant concentrations, compared to Glasgow, which result in a higher statistical power. Daily averages are principally reported here as this is the relevant exposure period for time-series epidemiological studies.
Pollutants were highly correlated at locations close to traffic source but considerably less so a few tens of metres away from the traffic source, which supports the supposition that correlations are driven by traffic sources.
Correlations of the same pollutant measured at different sites
The correlations of PNC between sites observed in this study are lower than those reported elsewhere in Europe. For example, Aalto et al. (2005) PNC did not show higher correlations between the background sites compared to background vs. traffic site in Glasgow, as observed for nitrogen oxides. This indicates that nitrogen oxides are more homogeneously distributed than PNC, suggesting meteorological factors affect in a different way the formation and dispersion of both pollutants. In addition PNC do not only depend on traffic emissions but also on particle formation processes, nucleation of particles by condensation of pre-existing vapours and condensation of vapours into existing particles (Kulmala et al., 2004) . These can be different at each site, resulting in a lower concentration between sites compared to NO x and NO 2 which mostly originate from traffic and follow the same pattern across sites.
Correlations between PNC and nitrogen oxides measured at the same site
The within-site correlation coefficients observed in this study between PNC and NO x or NO 2 were higher at the roadside sites, where concentrations are driven by traffic emissions, than at the urban background sites, where concentrations can be influenced by local sources resulting in weaker correlations.
Harrison and Jones (2005) The higher correlations found at the roadside compared to the background sites suggest that the use of daily NO x and NO 2 concentrations as surrogates for daily PNC is appropriate at trafficked sites but not at background sites.
Correlations between water-soluble metals and other traffic-related air pollutants
The large correlation coefficients between paired sites for metals reveal that the day-to-day variation in metal concentration is similar at both sites. The low correlation coefficients of Fe and Cu between the London sites, compared with those for V and As, and the lack of correlation of Cr, Ni and Pb between the Glasgow sites could be the result of the higher uncertainty on the calculation of the concentrations of these metals, as their concentrations were close to their respective LODs. The high correlation between metals but not PM 2.5 concentrations between the London sites suggests different dispersion processes for both pollutants. This is partly supported by the fact that metals were negatively correlated with wind speed at both sites, whereas PM 2.5 was negatively correlated with wind speed at North
Kensington but not at Marylebone Rd. The lack of correlation between PNC and metals at North Kensington is attributed to the fact that metal concentrations were possibly influenced by long range transport of particles, as opposed to traffic sources, as all metals except Cu correlated with PM 10 , which at background sites is largely influenced by background air masses. This is confirmed by the low correlation between PM 10 and NO x (r=0.38). In contrast, at St. Enoch Sq. PM 10 , was highly correlated to both NO x and metals, suggesting a common traffic source.
Potential surrogates for PNC
The increments in daily NO x and NO 2 concentrations between trafficked and background sites have shown to be a simple and novel surrogate for daily spatial variation of PNC. The increments in NO x explained 78-79% of the variance in PNC at the paired sites in both Glasgow and London. Likewise, weekly NO 2 PDT values have been shown to be a good relative measure of weekly variability in PNC, explaining 70% of the variability of the latter.
The different relationship between PNC and nitrogen oxides is partly attributed to the fact that PNC do not depend only on traffic emissions but also on particle formation processes, as discussed above. Therefore, particles can still be formed in the atmosphere in the absence of traffic emissions leading to high background concentrations and the different relationships with nitrogen oxides, as observed in this study. This reduces the value of nitrogen oxides as a surrogate for PNC as a different relationship has to be derived for each location.
Benzene and 1,3-butadine were also highly correlated with PNC and are therefore also potentially useful surrogates for PNC. Further examination of the relationships between the increments in benzene and 1,3-butadine vs. increments in PNC are required. In addition, benzene and 1,3-butadine can be measured by passive samplers, which therefore suggests a relatively non-technical and inexpensive surrogate for determining long time-averaged spatial patterns of PNC.
The particle size fraction dominating the PNC metric contributes comparatively little to the particle mass measured by PM 10 . Therefore unless PM 10 at a site is overwhelmingly dominated by the ultrafine fraction, correlation between PNC and PM 10 is not expected to be high, and this is what is observed in this study. The low correlation between PNC and PM 10 at Marylebone Rd. has been noted previously and is attributed to the large contribution of resuspended particles at this site (Charron and Harrison, 2003) . The use of PM 10 as a surrogate for PNC is therefore not appropriate.
The PM 10 and PM 2.5 optical absorbance is a measure of black carbon (BC) (Cyrys et al. 2003) , and has been found to correlate strongly with PNC in some previous studies (Zhu et al. 2002 , Ketzel et al. 2003 , Noble et al. 2003 . In this study, PM optical absorbance was strongly correlated with PNC at Marylebone Rd. (R = 0.87) but not at the other sites (R <0.5).
Marylebone Rd. has substantial heavy goods vehicle and bus traffic, considerably more even than Glasgow Hope St. The optical 'blackness' depends not only on the BC content but also on the size of the particles (decreasing for smaller sizes) and the degree of dilution of optically absorbing particles with non-absorbing/transparent particles: the absorption of BC increases considerably when it is included in a large transparent particle, due to the lower density (Horvath, 1986) . Particle size distributions shift to larger sizes and become compositionally mixed as they disperse (Ketzel et al., 2003; Gidhagen et al., 2005) , changing their optical properties. Therefore, it is not surprising that at background sites the optical properties of the mix of particles collected over a day is not correlated with average PNC. The lack of correlation at Hope St., where BC concentrations may be expected to be high remains unclear.
Limitations
This study clearly had some major limitations. The relationships are derived from a relatively small data set and may not represent the annual trend. Only one pair of sites was studied in each city. Measurements at paired sites in a given urban area over longer periods are needed to confirm the relationships found in this study. However, the different slopes and intercepts between NO x , NO 2 and PNC suggest that for each location a different relationship has to be derived. Despite this limitation NO x and NO 2 are a simple and non expensive method to represent PNC.
Conclusions
One of the mayor challenges in epidemiological studies of air pollution and health is the lack of data on spatial variability on PNC. This study has shown the potential for using NO 2 and NO x increments between background and street sites to represent daily variations in PNC and water-soluble metals: increments in NO x explained 78-79% of the variance in PNC at the paired sites in both Glasgow and London. The increments in NO x also explained in 70 % of the spatial variation in Cu and Ni at Glasgow but not at London. Weekly NO 2 measurements derived from passive diffusion tubes were also shown to correlate well with increments in weekly PNC
The corollary of the high correlation between NO 2 and PNC and water-soluble metals at the background sites is that the latter pollutants may act as cofounders for health effects attributed to NO 2 data from such sites. Concentrations of CO cannot be used as a surrogate for PNC.
Further validation on the geographical extension of these relationships is necessary. This could be achieved for example by examining the spatio-temporal relationships of aggregated data on the increments of a reference site and different additional sites (with different influence of traffic sources). A high correlation would mean that air pollution maps derived from NO 2 could be used to represent spatial and temporal variations in PNC and watersoluble metals. There is a need of regulating PNC. The relationships derived from these validated studies could be use to estimate the PNC which correspond to the EU limit value for NO 2 as a guide to establish a threshold value for PNC. 25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25  25 Significant correlations are in bold; * Correlation is significant at the 0.05 level (2-tailed);** Correlation is significant at the 0.01 level (2-tailed). Wind data was measured at Heathrow Airport (circa 20 Km from the monitoring site). Data were provided by the British Atmospheric Data Centre (BADC). 
